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ABSTRACT The inhibitory effect of crude extracts of garlic, clove and carrot at concentrations of 20,000, 40,000, 
60,000, 80,000 and 100,000 pg/mL on growth of Aspergillus flavus and aflatoxin production in rice was investigated, 'Hie 
results showed that garlic, clove and carrot could inhibit tire growth of A. flavus and aflatoxin production. Garlic and clove 
at 100,000 pg/mL highly reduced the level of aflatoxin from 5.94 to 0.15 and 0 06 pg/g respectively whereas carrot at 
20,000pg/ntL reduced the most level of aflatoxin from 5.94 to 0.03pg/g. Garlic, clove and carrot at I ()(),00()pg/mL also in¬ 
hibited the mould growth The most effective herb for inhibiting the growth of A. flavus and aflatoxin production was gar¬ 
lic. 
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INTRODUCTION 

Aflatoxins arc toxic secondary metabolites pro¬ 
duced by Aspergillus flavus, A. parasiticus and A. 
nomius (Kurbzman el at., 1987). These fungi can grow 
readily on a wide variety of agricultural commodities 
and pose health hazard to both human and animals. Afla¬ 
toxins are acutely toxic, carcinogenic, teratogenic and 
mutagenic (Goldblatt. 1969; Cicgler, 1975). Various 
strategies have been proposed for the prevention and 
detoxification of aflatoxin in foods and feeds. Howev er, 
preventing the contamination of food and feed by the 
toxigenic fungi is the most rational and economic ap¬ 
proach to avoid the potential hazards (Masood and Ran- 
jan, 1990; Samarajccvva el a/.. 1990). Powders and ex¬ 
tracts of many herbs, spices and essential oils have been 
reported to have antimicrobial activ ity and some of them 
also inhibit aflatoxin formation in synthetic media (Bahk 
and Marth. 1983; Madhyaslha and Bhat. 1984; Farag el 
al., 1989; Sinha el at., 1993; Masood el al., 1994; 
Prasad el al., 1994). 

The present study was undertaken to determine the 
effect of crude extracts of garlic, clove and carrot on 
growth of A. flams and aflatoxin production in rice. 

MATERIALS AND METHODS 

Organism A. Jla\ms 102566 obtained from 
Commonwealth Mycological Institute (CMI), U K. was 
used throughout this study. 

Preparation of Spore Suspension A. jla¬ 

vus was grown on potato dextrose agar slant at 30 "C 


for 7 days. Spores were harvested by adding sterile dis¬ 
tilled water plus 0.05% Tween 80. The spore suspension 
w as pooled in a sterile bottle and the number of spores 
counted by an improved Neubraucr Haemacytomclcr. 

Herbs Garlic, clove and carrot purchased 

from a local market in Bangkok were cleaned and 
blended with the addition of distilled water to the ac¬ 
quired concentration. The blended herb was then ex¬ 
tracted into distilled water The extracted solution was 
then filtered and centrifuged at 9.000 g The supernatant 
was rcfiltercd through a Whatman filter No. 1 and steril¬ 
ized by membrane filtration technique using membrane 
filler with the diameter of 0.45 pm. The filtrate was used 
as test extract. 

Media Mall extract agar contained 30 g of 
malt extract, 5 g of mycological peptone and 15 g of 
agar suspended in 1 L of distilled water and rice agar 
contained 200 g of rice and 15 g of agar suspended in 1 
L of distilled water were sterilized and used for the ex¬ 
periment. 

Culture Conditions Effect of herbs on 

growth of A. flavus in malt extract and rice agars 

A colony of/l. flavus 102566 w as grown on malt extract 
agar (MEA) for 7 days at 30 "C. Cork borer with the 
diameter of 0.4 cm was used to cut the edge of the col¬ 
ony into a disc and transferred to the center of a petri 
dish containing MEA and rice agar with herbs at various 
concentrations, i. c., 0, 20,000, 40,000. 60,000, 80.000. 
and 100,000 p g/mL. The cultures were then incubated 
for 7 days at room temperature and the diameters of the 
colonics were measured. Each experiment was repli¬ 
cated 4 times. 
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Effect of herbs on growth of A. flavus and afla¬ 
toxin production in rice Fifty grams of rice 

were sterilized and added with various concentrations of 
herbs. The initial moisture content of the substrate was 
adjusted to 23% by adding sterile distilled water and the 
spores of A flavus (10 6 ) sporcs/g) were inoculated. Cul¬ 
tures were then incubated at room temperature for 7 
days. Each experiment was replicated 4 times. 

Aflatoxin Analysis The sample was ex¬ 

tracted for aflatoxin by the Sep Pak method (Matsubara, 
1985). Sample (50 g) was extracted with 150 mL of 
chloroform and 25 mL of distilled water in a shaker at 
250 rpm for 30 min. The extract was then filtered 
through Whatman No. 1 filter paper with the aid of 
Celite and the chloroform layer was separated from the 
filtrate. The filtrate was washed once again with 50 mL 
of chloroform and the chloroform extracts were pooled 
together and evaporated to dryness. The dried extract 
was dissolved with 10 mL of chloroform-hexane (3:7) 
and then added to the Sep Pak silica gel cartridge col¬ 
umn. The column was drained and eluted with 10 mL of 
hexane followed by 10 mL of benzene-acetic acid 
(95.5:4.5) and 10 mL of ethyl ether-hexane (60:40). The 
eluate was discarded and aflatoxin was eluted with 15 
mL of methy lene chloride-acetone (9:1) and evaporated 
to dryness. The eluate was dissolved with I mL of 
methanol, filtered through 0 45 pm membrane filter 
(Millipore) and 10 pi injected to the HPLC (Shimadzu) 
using the following conditions: flow rate of 1 mL/min., 
UV spectrophotometric detector at 365 mil, reverse 
phase column C18 and mobile phase solvent 
(w'ater:acetic acid= 11). The amount of aflatoxin was 
calculated from the chromatogram by comparison to the 
standard aflatoxin chromatogram. 



—O—Clove —A—Carrol —O—Garlic 

Fig. 1 Effect of herbs on growth of A. flavus in malt 
extract agar 

Statistical Analysis The analysis of vari¬ 

ance (ANOVA) at significant difference of 0.01 and 
Duncan’s multiple range test (Montgomery', 1984) were 


calculated to indicated the effect of herbs on growth of A. 
flavus and aflatoxin production. 

RESULT AND DISCUSSION 

The effect of garlic, clove and carrot on growth of 
A.flax’us in MEA and rice agar are shown in Figs 1 and 
2. The results showed that garlic and carrot had better 
inhibitory effect on growth of A flavus than clov e. Car¬ 
rot showed to be the best herb for controlling the growth 
of this fungus at concentrations of 60,000-100,000 
pg/mL. Statistical analyses on the effects of these herbs 
on growth of A. fla\’iis are given in Table 1, 2, 3 and 4. 
The growth of A. flavus in MEA was significantly re¬ 
duced by garlic and carrot but no significant reduction 
was found with clov e treatment (Table 1). 


Table 1. 

Analysis of variance on the effect of herbs on 

growth of A. flavus in malt extract agar 

sov 

df 

ss 

MS !- 

H 

2 

22.91 

11.46 

C/garlic 

5 

10.84 

2 17 70.97' 

C/clove 

5 

0.18 

0.04 0.57 

Ocarrol 

5 

28.29 

5.66 80.86' 

Error 

54 

7.08 

0.07 

Total 

71 

06.02 


Garlic 

at 40,000 

pg/mL and carrot at 60,000 

pg/mL and above gave 
growth (Table 2). 

the best 

reduction of fungal 

Table 2. Multiple comparison test on the effect of herbs at 

various concentrations on growth of 

VI. flavus in malt ex- 


tract agar 


Concentration 

0 20.000 

40.000 i 

60.000 80.000 100.000 

Garlic 

8.50' 6.96 b 

6.75' 

6.6 l' b 6.75" 6.65' b 

(Move 

8.70 b 8.2U b 

8.15 b 

8.20' 8.08' 8.07' 

Carrot 

870' 8.04' 

8.16' 

6 16' 5.98' 5.88' 

When the fungus was grown 

in rice agar, signill- 

cant reduction in the fungal growth was found with all 

treatment (Table 3). 



Table 3. 

Analysis of variance on the effect of herbs on 


growth of A. flavus in rice agar 

sov 

dl' 

SS 

MS F 

II 

2 

20.1.7 

10.06 

C garlic 

5 

7 97 

1.59 22.71* 

(’xlove 

5 

1 25 

0.25 .V57* 

(’-carrot 

5 

76 45 

7.29 104.14* 

Error 

54 

4.02 

0.07 

Iota 1 

71 

69.82 


Garlic 

at 40.000 

pg/mL and carrot at 60.000 

pg/mL and above gave 

the best 

reduction of fungal 


40 
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growth whereas clove at 20,000 and 40,000 pg/rnL gave 
the best reduction (Table 4). 


Table 4. Multiple comparison test on the effect of herbs at 
various concentrations on growth of A. flavus 
_ in rice agar _ 


Concentration 

0 

20,000 

40.000 

60,000 

80.000 

100.000 

garlic 

7.95' 

7.14 b 

6.60’ 

6.69’ b 

6.36’ 

6.24’ 

clove 

7.95 b 

7.77 ab 

7.38* 

7.90 b 

8.03 b 

8.05 b 

carrot 

7.95 b 

7.91 b 

7.74 b 

5.23’ 

5.35’ 

5.68" 



— O —Garlic — O— Clove —A— Carrot 

Fig. 2 Effect of herbs on grow th of A. flavus in rice agar 
The effects of garlic, carrot and clove on aflatoxin 
production in rice agar are given in Fig. 3. All herbs at 
all concentrations inhibited the aflatoxin production. 
Statistical analyses on the effect of these herbs on ana¬ 
toxin production are shown in Table 5 and 6. AHatoxin 
was significantly reduced by all treatments. Garlic and 
clove at 40, 000 pg/mL and above and carrot at 20,000- 
60,000 pg/mL gave the most inhibitory effect. 



Fig. 3 Effect of herbs on aflatoxin production by A. flavus 
in rice 

Table 5. Analysis of variance on the effect herbs on afla- 
_ toxin production by A. flavus in rice _ 


SOV df SS MS F 


H 

2 

0.10 

0.05 


C/garlic 

5 

105.10 

21.02 

420.40’ 

C/garlic 

5 

106.02 

21.22 

424.40’ 

C/carrot 

5 

105.69 

21.13 

422.60’ 

Error 

54 

2.55 

0.05 


Total 

71 

319.45 




Inhibition in the growth of aflatoxin producing 
fungi and aflatoxin formation by garlic, clove and carrot 
has been well reported. Graham and Graham (1987) 
found that mycelial growth and toxin production by A. 
parasiticus were inhibited by garlic concentration of 
0.3-0.4%. Clove oil also exhibited similar influence on 
the growth of A. flavus and A. parasiticus and aflatoxin 
production if used in sufficient amount (Bullemian et 
al. ,1977; Farag et al., 1989; Sinha»et al., 1993). Balt 
and colleagues (1980) found that raw carrot tissue did 
not support the growth of A. parasiticus spores. 

Table 6. Multiple comparison test on the effect of herbs at 
various concentrations on aflatoxin production of A. flavus 


in rice 


Concentration 

0 

20.000 

40.000 

60,000 

80.000 

100.000 

garlic 

5.94' 

0.67 b 

0.52* 

0.20’ 

0.20’ 

0.15’ 

clove 

5.94' 

l,00 b 

0.33* 

0.28’ 

0.13a 

0.06* 

carrot 

5.94 d 

0.03’ 

0.04’ 

0.21 “h 

1.38' 

0.5 8 b 


Essential oils of certain spices and herbs contain 
antimicrobial substances (Garrido et al., 1992). Thus, 
some herbs such as garlic, clove and carrot could be 
applied practically as mold inhibitors in foods and feeds 
and especially for the prevention of allaloxin producing 
fungi. 
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